I. INTRODUCTION
T he structure of a region's tax system has the potential to directly affect local land use decisions. In many jurisdictions, commercial and industrial property is either taxed or assessed at higher rates than residential property. Even if tax rates are identical across land uses, adding non-residential land can lower the average property tax burden for local residents if businesses consume less in services than they pay in taxes. In some places, non-residential establishments offer additional fiscal benefits when local jurisdictions receive a portion of the sales and income revenues generated by businesses located within their borders. However, non-residential land uses may also generate significant negative externalities for local residents. Few residential suburbs allow any but minor industrial properties in their jurisdictions, and commercial establishments can exacerbate existing traffic problems.
The idea that land use decisions are influenced by fiscal incentives is referred to as "fiscalization" in the urban planning literature. Its roots in the economics literature go back at least as far as Fischel (1975 Fischel ( , 1976 , although the term itself appears to have its origins in Misczynski (1986) . Significant empirical studies include Chapman (1988 Chapman ( , 2008 , Lewis (2001) , and Wassmer (2002) . This literature places less emphasis on the location of non-residential land uses within a community than on the allocation of businesses across communities. 1 Yet not all locations are equal if non-residential firms generate negative externalities for local residents. Siting commercial and industrial parks at the municipal boundary can allow suburbs to reap the fiscal benefits of nonresidential land use while avoiding a substantial portion of the harmful effects. Of course, neighboring jurisdictions may not be happy with the resulting land use pattern, but the responsibility for zoning decisions most commonly lies with municipalities rather than regions in the United States.
Our objective in this paper is to test whether non-residential land uses are more likely to be located near municipal boundaries in the Cook County suburbs of Chicago. Cook County is a particularly relevant area to analyze because it has an exceptionally large number of suburban jurisdictions, which rely heavily on the property tax for revenue. Cook County has a classification system of property taxation that leads to significantly higher effective tax rates for commercial and industrial property than are incurred by homeowners. Moreover, a full percentage point of the state's 6.25 percent sales tax rate is returned to the jurisdiction in which a sale takes place. Together, these features of the region's tax system provide strong incentives for suburbs to attract non-residential land uses to their jurisdictions.
We estimate multinomial logit models of land use using a data set comprising every parcel within the suburban portion of Cook County. Small (6 units or fewer) residential units form the base land use, with commercial and industrial uses as alternatives. As might be expected, the probability of commercial land use is significantly higher near major streets, while industrial land use is also attracted to sites near rail lines. After controlling for access to the transportation network, both commercial and industrial parcels are significantly more likely to be located near municipal boundaries. The magnitude of this border effect is unaltered by the inclusion of fixed effects for the 91 suburbs included in our sample.
We also test whether property values exhibit discontinuities at municipal borders. If suburban jurisdictions attempt to mitigate the effect of negative externalities by placing offending land uses at its borders, then low-value property may be more likely to be located near borders than within the interior of the municipalities. Using data on the assessed values of all properties, we find that industrial property values are significantly lower near suburban city borders than in the interior. Smooth cubic spline estimates suggest that residential property values are not influenced greatly by distance to the municipal boundary, while the value of both commercial and industrial property declines dramatically near borders between suburbs.
II. TAXATION IN COOK COUNTY
Local governments in Illinois rely heavily on the property tax for revenue. According to the Chicago Metropolitan Agency for Planning (CMAP), the 1,226 governments in the seven-county Chicago metropolitan area together have approximately $40 billion in annual revenue, with the property tax accounting for 30 percent of the total (CMAP, 2010) . State intergovernmental revenues account for another 20 percent of local revenue in the region, while charges and user fees account for another 15 percent. Major intergovernmental revenues include the local portion of the state sales tax, income tax, and the motor fuel tax.
Several features of the Cook County tax system provide local governments with an incentive to attract commercial and industrial establishments to their jurisdictions.
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The Illinois constitution permits counties with more than 200,000 residents to adopt a classification system in which different types of property are assessed at different rates. Only Cook County has adopted this classification; whereas the other 101 counties assess all properties at 1/3 of market value, commercial and industrial properties are assessed at significantly higher rates than residential properties in Cook County. Prior to 2009, commercial and industrial properties were supposed to be assessed at 38 percent and 36 percent of market value, respectively. In contrast, Class 2 properties (residential buildings with 6 or fewer units) were supposed to be assessed at 16 percent of market value. Since 2009, statutory assessment rates have been 25 percent for commercial/industrial properties and 10 percent for Class 2. Although assessment ratio studies conducted by the Illinois Department of Revenue suggest that actual assessment rates were much lower than statutory rates prior to 2009, rates have always been much higher for nonresidential than for Class 2 properties. The Illinois constitution requires equal tax rates for all properties, which means that effective tax rates are much higher for properties that are assessed at higher rates.
A simple example demonstrates the magnitudes of the difference in taxes for commercial/industrial and Class 2 properties. If both properties have market values of $100,000, the assessed values will be $25,000 for the non-residential property and $10,000 for the Class 2 property. There are, however, several complicating factors. First, the Illinois constitution requires that the total assessed value of all properties in a county be 1/3 of market value. Since this figure is nearly mathematically impossible when the statutory rate for the vast majority of properties is under 1/3, an "equalization factor" is applied to assessed values to bring them up to the equalized rate. In 2012, the equalization factor for Cook County was 2.8056. The equalized assessed value of the non-residential property is $70,140 (i.e., $100,000 × 0.25 × 2.8056), compared with $28,056 for the Class 2 property. Next, a homestead exemption applies only to residential properties. The exemption was $7,000 in 2012, which results in an "adjusted equalized value" of $21,056 for an accurately assessed Class 2 property. When the same tax rate is then applied to the representative properties, the resulting tax bill is 3.33 (i.e., 70140/21056) times higher for the non-residential property owner. This property tax differential provides local governments with a strong incentive to attract non-residential land uses.
The structure of the sales tax system in Illinois also gives local governments an incentive to attract retail establishments. One percentage point of the state's 6.25 percent sales tax is returned to the jurisdiction in which a general merchandise sale takes place. Moreover, 154 municipalities in the Chicago metropolitan area have local sales taxes (CMAP, 2014) .
The incentives for locating non-residential uses near jurisdictional boundaries may differ for commercial and industrial properties. Offices and retail establishments are likely to generate significantly fewer negative externalities than industrial properties, with traffic being the greatest offender. A jurisdiction gets the full local portion of the sales tax revenue from any store within its border. Stores located at the border may have the added advantage of attracting customers from nearby jurisdictions. Industrial properties generate no sales tax revenue, but do offer potential property tax advantages. As the land use that is most likely to generate negative externalities, there is a strong incentive for industrial firms to be concentrated at a jurisdiction's borders.
III. DATA
The main data source for the land use model is the Cook County Assessor's Office, which provided the full assessment roll for the county for Approximately 78 percent (1,096,520) of the Class 2 properties and 89 percent of the Class 5 properties (84,455) were successfully geocoded using the parcel map. Of these, 523,087 of the residential parcels and 36,511 of the non-residential properties are located in municipalities that have at least 10 parcels in commercial and 10 parcels in industrial use. This final sample restriction excludes unincorporated areas from the analysis, along with a group of 35 suburbs that have virtually no non-residential land use -a necessary requirement for estimating a multinomial model of land use. 4 The locations of the included and omitted municipalities are shown in Figure 1 . The underlying estimating equation for the models is,
(1)
Separate equations apply for residential, commercial, and industrial properties. For the logit models of land use, y is represents the underlying propensity for a parcel i in location s to be in the given land use. The explanatory variables, X, do not vary across land use. We present estimates with and without the fixed effects for location, d s , which is taken to be the municipality. Access to the transportation network is a critical factor in the location decisions of commercial and industrial firms. Thus, we expect proximity to major streets and highways to significantly increase the probability of both commercial and industrial land use.
5 Although highways are easily defined as roads with U.S. or state numbers,
Figure 1 Cook County Census Places
"major" roads are less easily defined a priori. We rely on the Cook County government's definition of a major road to define this variable.
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A potential concern is that the location of major roads may be endogenous if one of the factors determining a road's classification as "major" is the number of businesses located along the road. As a check for endogeneity, we use quarter section boundaries as an instrument for major roads. A quarter section is a one-half by one-half mile square comprising 640 acres. The original official governmental surveys of land in Illinois divided the state into quarter sections, and the federal government subsequently sold land to the original settlers using these units to demark the land. The grid street structure followed by much of Cook County generally follows quarter section boundaries, with larger streets occurring every ½ mile. Thus, distance from a quarter section boundary is an excellent instrument for distance from a major street.
Our final set of parcel-level variables controls for proximity to rail lines, which is likely to be a disamenity for residential landowners but an important attraction for industrial firms. Although homeowners may prefer not to live near a rail line, access to the commuter rail network (the "Metra") is valuable. Thus, we expect that the probability of commercial land use will be higher closer to Metra stations.
Descriptive statistics for all variables are presented in Table 1 . The key variable of interest is proximity to the municipal boundary. The question is whether the probability of commercial and industrial land use is higher at the edge of a municipality, even after controlling for locations along major roads and other determinants of land use decisions. Table 1 also includes data on assessed values for 2003. Although assessments are not necessarily good predictors of sales prices, they are the relevant variable from a fiscal perspective because they form the property tax base. The assessments reported in Table  1 are not market values. Given assessment levels in 2003, commercial and industrial assessments are somewhere in the neighborhood of 25 percent of market value, while Class 2 assessments are closer to 10 percent of market value.
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Figures 2-7 present kernel density estimates for the major explanatory variables. The estimates are constructed using Silverman's (1986) reflection method to impose zero densities at negative values of distances. To provide a basis of comparison, we also present density estimates for comparable data for the City of Chicago. The Chicago data set includes 483,043 parcels, of which 439,799 (91.0 percent) are residential, 31,115 (6.4 percent) are commercial, and 12,129 (2.5 percent) are industrial. Figure 2 shows kernel density estimates for distance from a municipality boundary. Distances can be much larger in Chicago than in the suburbs simply because the city is much larger than suburban municipalities. Whereas residential land use is somewhat more common than commercial or industrial land on the Chicago side of the municipality boundary, the number of industrial parcels rises sharply near city lines in suburban jurisdictions. Other variables show less marked differences between Chicago and the suburbs. Commercial land use is relatively common near suburban Metra stations, near major streets, and near quarter section boundaries. Industrial land use is relatively more frequent near highways (particularly in Chicago) and near rail lines.
IV. MULTINOMIAL LOGIT RESULTS
In this section, we report the results of multinomial logit models explaining the probability that a parcel is commercial or industrial, with Class 2 residential as the base category. The base model includes measures of proximity to a municipal boundary and proximity to a major street, along with straight-line distances between each parcel and the nearest Metra station, the Chicago city line, the nearest highway, and the nearest rail line. To allow for differences in the effects of distance to the municipal boundary if the neighboring area is part of Chicago or an unincorporated portion of Cook County, we also include measures of proximity to these areas. As any variable that is close to Chicago or an unincorporated area is also close to a municipal boundary by definition, these variables measure the difference between being close to another suburban municipality rather than being close to Chicago or an unincorporated area.
We estimate four versions of the model. The first variation includes fixed effects for each of the 91 municipalities represented in the sample. Next, we substitute an instrumental variable for distance from a major street. The instrumental variable is constructed by regressing distance from a major street on distance from the nearest quarter section. 8 Third, we estimate a version of the model that includes the instrument for distance from a major street, and finally, we also include municipality fixed effects.
The results are shown in Table 2 . Consistent with the results of the kernel density functions, the probabilities of both commercial and industrial land use are significantly higher for lots that are close to a major street, near Chicago, and close to rail lines. 9 The estimated coefficients for distance from a Metra station are significantly positive across all four specifications for industrial land use. The probability of commercial land use is estimated to decline with distance from a Metra station in the specifications that include municipality fixed effects. Including fixed effects is important in this case because some suburbs are not served by commuter train lines, yet they still have commercial firms. The estimated coefficients for distance from a highway exhibit a similar pattern: after controlling for municipality fixed effects, the probability that a parcel is commercial rather than residential is higher near major highways.
Our primary focus is the set of variables representing proximity to a municipal border. The results imply that the probability that a parcel is commercial or industrial rather than residential is significantly higher within 1/16 of a mile of a municipal boundary across all four specifications. The probability of industrial land use is significantly 8 The R 2 for this regression is 0.137. 9 The consistency of multinomial logit estimates requires that the independence of irrelevant alternatives (IIA) assumption be met. Hausman-McFadden (1984) tests reject the assumption. However, simple binary logit estimates, which remain consistent if IIA is violated, produce nearly identical coefficient and standard error estimates. The source of the rejection of IIA is due to the large sample size rather than a substantive difference in the estimated coefficient. Notes: The base category is residential land use. The sample comprises 559,598 parcels from the 91 municipalities that have at least 10 observations in each land use category. The IV estimator replaces distance from a major street with the predicted values from a regression on distance from the nearest quarter section boundary. Asterisks denote significance at the 1% (***), 5% (**), and 10% (*) levels.
higher than the probability of either commercial or residential land use in these areas. The probability of commercial land use then declines relative to the other two uses in the next 1/16 mile ring around a municipal line, but the probability of industrial land use remains high. These results are consistent across the four specifications. This pattern suggests that suburban jurisdictions attempt to reduce their residents' exposure to any negative externalities associated with industry by zoning land near municipal boundaries for industrial use. The probability that a parcel is commercial is significantly higher in a site next to the Chicago border than a comparable parcel next to another suburban jurisdiction. In contrast, sites near incorporated areas, though still more likely to be commercial than residential, have relatively lower probabilities of commercial use than comparable locations near other suburban jurisdictions or Chicago. These results suggest that at least a portion of the tendency for commercial land to be at municipal boundaries is a result of businesses locating near populous areas. Since unincorporated areas tend to have low population density, they are not as attractive for commercial firms as sites near other suburbs or Chicago. Nonetheless, the probability of commercial land use at the boundaries between suburbs and unincorporated areas is significantly higher than the probability of residential land use. Moreover, the decline in the probability of commercial land use at the boundaries of unincorporated areas is combined with a significant increase in the commercial probability in the next zone 1/16 -1/8 of a mile from such border. Similarly, the probability that a parcel is industrial rises significantly in areas 1/16 -1/8 of a mile from either Chicago or an incorporated area.
V. PROPERTY VALUES
Although the fiscal advantages of commercial and industrial properties give suburbs an incentive to allow non-residential properties in the community, they do not have direct implications for where the properties should be located. Since property taxes are directly related to property value, any location that produces higher non-residential property values has the potential to reduce the tax burden of local residents. Not all non-residential property is high-priced. If relatively low-priced properties are also those that generate negative externalities, then we should expect to see a greater concentration of low-priced non-residential land near municipal boundaries.
To test this prediction, we merge data on assessed values in 2003 with our land use data set. Assessments are the relevant measure of value for this analysis because they are the primary determinant of the property tax. Moreover, assessed values are available for every property in the data set, which is a distinct advantage over transactions prices since only a fraction of single-family homes sell in a given year, and sales of commercial and industrial properties occur even less frequently. Of course, infrequent sales may also produce relatively inaccurate estimates of market value. However, there does not appear to be any reason why properties at suburban boundaries should be assessed less accurately than properties in interior areas, which is the key assumption for our analysis of the within-suburb variation in assessed values.
The dependent variable is the natural log of the official assessed value for January 1, 2003. Given Cook County's three-year assessment cycle, assessments for properties in the northern suburbs will actually date from January 1, 2001 while assessments in the southern suburbs will date from January 1, 2002. Municipality fixed effects will control for nominal differences in assessment levels across the two regions.
10 Although the level of the assessment does not influence coefficients other than the intercepts when the regressions are estimated with a logarithmic dependent variable, it is worth emphasizing that assessed values are significantly lower than would be implied by statutory assessment rates for all three uses, but particularly so for Class 2 properties. To compare the estimates graphically, we normalize the predicted partial effects of distance from the municipal boundary such that the predicted values for all three land uses have the same mean -the unweighted mean of log assessed value across all properties in the data set. Since the sample is dominated by Class 2 properties, this average will be relatively low. The point of normalization is to facilitate the direct comparison of the spatial variation in the predicted values across the three land uses. Table 3 presents the results of regressions of log assessed value on the same variables used to explain land use in the multinomial logit models (although we omit the Notes: Standard errors are in parentheses. Each regression also includes fixed effects for 90 municipalities. Asterisks denote significance at the 1% (***), 5% (**), and 10% (*) levels.
variables indicating proximity to the Chicago line and proximity to an unincorporated area because they had proved insignificant after controlling for proximity to a generic municipal line). The regressions also include controls for municipal fixed effects. The results are markedly different across the three land uses. Whereas the value of Class 2 properties is estimated to be higher near the city line than in interior regions, industrial assessments are much lower near the suburban borders.
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This simple dummy variable specification significantly understates the extent to which non-residential values decline near suburban borders. To allow for more nonlinearity, we use cubic spline functions to model the effects of distance from the municipal line. Following Suits, Mason, and Chan (1978) , the smooth cubic spline for a variable x adds a set of variables to a base cubic specification,
where x 1 ... x K is a series of equally spaced values of x (the "knots"), and D k is a set of dummy variables indicating that x ≥ x k . We use the Schwarz information criterion (SC) to choose the optimal number of knots, and to determine whether a spline function is preferred to a simple linear, quadratic, or cubic specification. 12 The results indicate that a quadratic function is sufficient for the distance from a municipal line variable for Class 2 properties. The value of K that minimizes SC is 10 for commercial properties and 4 for industrial parcels.
The predictions from the spline functions are shown in Figure 8 . Since each function is normalized to have the same mean value, it is the slopes that are directly comparable rather than the levels. What is striking is the way the non-residential functions drop significantly near the municipal borders. Within a short distance of the border -less than 1/5 mile for commercial properties and about 1/3 mile for industrial properties, assessed values decline dramatically as distance to the municipal line declines. A potential anomaly -the rise in residential values near the border -is minor relative to the sharp decline in non-residential values.
Data limitations prevent us from making definitive statements regarding a causal effect of borders on property values. For example, it is possible that industrial land may be located at borders because industry is land intensive and thus is drawn to border areas where land happens to be inexpensive. 13 Moreover, it should be kept in mind that our data set includes assessments rather than actual sales. Our limited set of explanatory 11 The endogeneity of land use to property values is a potential concern. Studies such as McMillen and McDonald (1991) address the problem by adding a selection bias correction as an explanatory variable in the property value equation. However, the models are not well identified when there are no variables in the first-stage logit model that are not also included in the property value regression. 12 The Schwarz (1978) information criterion is σ = + SC Jx n n 2log(ˆ) log( ) / , where J is the number of total number of explanatory variables in the regression and σˆ is the maximum likelihood estimate of the regression standard error. 13 Although we have detailed data on structural characteristics and lot sizes for residential parcels, we do not have such information for non-residential parcels.
variables may cause bias in the results if omitted variables are correlated with proximity to borders, and there is likely to be selection bias associated with the types of properties that choose border locations. Nonetheless, the sharp decline in non-residential values at borders is striking. Though not conclusive as to causality, the results do suggest that the lowest-value property is concentrated within a relatively small geographic area near city lines.
VI. CONCLUSION
Models of parcel-level land use within metropolitan areas are far less common than models of agricultural or urban fringe land use (see Brady and Irwin (2011) for a review). Our study is unique both in the level of detail in the geographic coverage of the large data set and in its focus on the fiscal incentives provided by the property and sales tax. Illinois' heavy reliance on the property tax and the sales tax for local revenues provides strong incentives for suburbs to attract commercial and industrial firms to their 
Figure 8 Predicted Property Values
jurisdictions. These incentives are particularly powerful in suburban Chicago because Cook County's classification system results in effective tax rates on commercial and industrial property that are perhaps triple the rates on residential property. If nonresidential properties have negative externalities for homeowners, suburban jurisdictions may have an incentive to form concentrations of non-residential properties near the suburb's edge.
Our data set allows us to test this prediction for suburban Cook County. After controlling for access to the transportation network, we find that parcels near municipal borders are much more likely to be in commercial or industrial use. Moreover, the assessed values of properties near municipal borders tend to be much lower for non-residential properties relative to the interior of a municipality. The results suggest that borders have a significant influence on the pattern of land use in the Chicago area.
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